The distortion of a two-dimensional bubble (or drop) in a straining flow of an inviscid imcompressible fluid is examined theoretically. Far from the bubble the stream function of the flow is assumed to be axy, where a is a constant. Within the bubble the pressure is assumed to be a constant Pb, and the bubble surface is assumed to have a surface tension a. Then, the shape of the bubble depends upon the single dimensionless constant y = 2(p b -p,)/(2aa) 2 1'p", where p is the fluid density, p, is the stagnation pressure of the flow, and the size of the bubble is proportional to (2a/pa 2 ) 1 1 3 . For y large, it is found that the bubble tends to a circle of radius (2a/pa 2 ) 113 y-1. As y decreases, numerical solutions show that the bubble at first becomes a square with rounded corners. Then, it develops four horns or spikes with large curvature near their ends. Finally at y--1.8, the two sides of each spike touch each other near the tip and enclose a small bubble there. It is also found that there is a maximum value of the Weber number above which there is no steady solution.
I. INTRODUCTION AND FORMULATION
finding the flow consists of determining x+ iy as an
In the mixing of two fluids, a drop or bubble of one analytic function of p + io in the half-plane 0> 0 satisfluid will be distorted and possibly split into smaller fying Eq. (1) at infinity. Then, the bubble surface is parts because of the flow of the other fluid around it.
given by setting 0 = 0 in x( p + i) and y( p + i$), and letting In order to study this phenomenon, we consider the o range from -A to 2. The symmetry conditions retwo-dimensional case of a drop or bubble of one fluid quire that the bubble surface be normal to the x and y in a steady flow of another fluid, assumed to be inviscid axes where it intersects them, which yields and incompressible. We take into account the surface yI(-I 0)=x,,(0,0)=0 .(2) tension a at the interface, but we ignore the flow inside the ropor ubbl, asumng tat he ressre s aOn the bubble surface the pressure in the fluid, which th e d r o p o r b u b b le , a s s u m in g t ha t th e p r e s s u r e is ai s g v n b t h B e o u l e q a o , m st d f r f o m p constant Pb throughout it. From now on we shall write is gienhe i euatio t ifferfrom Ti "buble"to man ithe buble r dop.by ark, where k is the curvature of the interface. This "bubble" to mean either bubble or drop.
leads to the boundary condition
In order to formulate this problem we assume that the stream function of the flow without the bubble is Oxy, where a is a constant and x and y are Cartesian coordinates. This flow is symmetric about both the x and y axes, so we assume that the bubble and the flow around it will have the same symmetry. Then, it suffices to determine the flow only in the first quadrant x 1-0, y, x, y > 0 (see Fig. 1 ).
We introduce dimensionless variables by choosing (2a/pa) 1 /3 as the unit length and (2ea/p)'1 / as the unit C velocity. We also introduce the dimensionless potential function bfp and stream function bk. Here, b>0 is I x dimensionless constant to be chosen so that ( =A and -at the stagnation points on the x and y axes, respectively. We denote the streamline along the two axes and along the arc of the bubble boundary in the first quadrant by 0=0. In these variables bo-xy and b(p _ (x 2 -y 2 )/2 at Infinity, so that b( + i0) -(x + iy)9/2 or, equivalently, where the dimensionless parameter y is defined by 7hen, we introduce the N mesh points 01 given by v y= 20 . 
The problem can be further simplified by requiring the bubble to be symmetric about the line y =x. By using Eq. (6) we can restrict our analysis to the inif we define Y'. by (14) with I =N, it then follows from terval 0<V< i.
(11) and (12) and We now use the symmetry condition (6) to rewrite (7) (X€;y_ + iy_ in the form (x+ iy) . polation formulae to evaluate their left sides.
Next, we express the boundary condition (4) in terms of
The N nonlinear equations were solved by Newton's x. and y., noting that q=b2(x + y2)'. Then, (4) beiteration method. For some large value of y, the initial comes approximation for the bubble surface was taken to be a circular arc. Iterations were continued until the close to a square with rounded corners. As y decreases and b. This formulation of the problem, and the numfurther the bubble surface elongates in the directions erical method to be described follows closely the work midway between the axes, developing four horns or it is probably stable. 
IV. SOLUTION FOR
The curvature k of this surface is given by
FIG. 2. Computed bubble profiles for various values of -y. k=y +f"[p"()+ p(e)]+O(y-3) .
(20) These profiles were found by the method of Sec. I. Now, the unperturbed complex potential V+ io is given as a function of z = x + iy by The efficiency of the numerical scheme was found to be limited by the high curvature at the ends of the spikes.
Accurate solutions for y <-1.3 could not be computed
From (21) we see that on the circle of radius y-', 4o even with N = 50. Thus, in the last section we shall con=y-2 cos 20 and, therefore, q 0 = -2y " sin20. sider an analytical approach to determine the ultimate form of the horns as y is further decreased.
In the boundary condition (4) The solution p of (22) 
We next substitute ( The integrals in (16) and (17) were evaluated by the v trapezoidal rule. The results are shown as functions of y in Fig. 3. 7
We see that the potential energy V is a monotone decreasing function of y. However, the dimensionless 6 area A, which is equal to the square of the Weber number W2, is not monotonic but has a maximum at y --0.2. Thus, the figure shows that there is a maximum or critical value of We above which there is no steady solution of the kind considered here. This maximum value 3 is W ~2. 
V. THE LIMITING SHAPE OF THE BUBBLE
When y is less than about -1.3, the bubble has four slender spikes. They are oriented along the lines y = *x, as shown in Fig. 2 . Because the spikes are so slender, their shape can be found approximately by using the slender body theory for bubbles presented by In lowest order, the flow -1.0 0 1.0 about a symmetric slender bubble is approximated by the flow about a rigid plate lying along the center line of the bubble. In the present case the center lines of the four spikes consist of two straight line segments, each of some length 2a, lying along the lines y = *x. We introduce the coordinates x', y' with axes along these lines, and find the potential b~p (x',y') 
